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SYMBOLS

Main Balance

ALFA' Angle of attack
OAF' OOR.R, CAF Axial force coefficient
ONe Normal force coefficient derivative with respect to

a angle of attack, a s Q deg
C NF' Normal force coefficient
OMa Pitching moment coefficient with respect to angle of

attack, a 0 deg
CPM' Pitching moment coefficient
OEM', C Rolling moment coefficient

* SF' Side force coefficient
Yawing moment coefficient

*XOP Center of pressure, body diameters from nose apex
'tICN OF Incremental normal force coefficient derivative with

respect to angle of attack, a = 0 deg
'O00F Incremental pitching moment coefficient derivative with

respect to angle of attack, a = 0 des

Fin Balance

CMIl (2,3,4) Fin hinge moment coefficient
CMR1 (2,3,4) Fin root bending moment coefficient
CNI (2,3,4) Fin normal force coefficient
CN FNormal force coefficient derivative with respect to angle

Cet neof attack, a - 0 deg
CoP Chordwise center of pressure, positive forward of 50%

chord line, reference to root chord
YCP Spanwise center of pressure, reference to exposed semi-

span

Other Symbols

CR Fin root chord
o Model diameter, 4 ince ites
M Mach number

CP thTotal pressure, psi

hDynmic preanure, psi
RN Reynolds number/foot
T pTotal temperature, OF

a Angle of attack
o Fin openlig angle, degrees
A Leading edge sweep angle, degrees
* Model roll angle, degrees
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1. Intvoductim

Aerodynamic stability studies of missile designs that have
tube-launched applications have been conducted during the last 3 years.
The major emphasis has been placed on the definition of the aerodynamic
characteristics of missiles with wrap around fins (WAF). Wind tunnel
tests have been planned and conducted to study the effects of many

geometric and flow parameters for the WAF

This report contains the last of a series of planned wind tunnel
test conducted to study the WAF. The geometric variables covered during
this test were opening angle, exposed semi-span, leading edge sweep
angle, step-downbody, and aspect ratio. Previously, all WAF's tested
have had a theoretical maximum semi-span defined by one-fourth the
body circumference. Two additional spans were tested during this phase
of approximately 80 and 50 percent of the theoretical maximum fin. The
opening angle variation was a continuation of the previous transonic

2
testing where opening angles, from 10 degrees beyond fully open to 112.5
degrees closed, are considered. The remaining configurations were tested
to extend the data for these into the supersonic regime and to fill voids
and make checks on the •ransonic range.

2. Apparatus

a. Test Facility and Operation

The test was conducted in the McDonnell Douglas Aerophysics
3

Laboratory 4-Foot Trisonic Wind Tunnel ,whichis an intermittent blow-
down-to-atmosphere facility that operates in a Mach number range from
0.2 to 5.0. During the transonic oprration, the 24 Lo 30 inch pass
duct was installed, and for supersonic operation the diffuser ejectors
were connected,

Dahlko, C. W., Craft, J. C., The Effect of WraP-Around Fins on
Aerodynamic Stability and Rolling Moment Variations, U.S. Army Missile
Conmand, Redstone Arsenal, Alabama, July, 1973, Technical Report RD-73-17.

2 Dahlke, C. W., Flowers, L. D., The Aerodynamic Characteristics of

WraR-Around Fins, Including Fold Angle at Mýach NUmbers From 0.5 to 1.3,
U.S. Army Missile Conmmnd, Redstone Arsenal, Alabama, December 1974,
Technical Report RD-75-19.

Raddatz, L. A., The Douglas Acrophysics Laboratory Four-Foot

Trigonic Wind Tunnel, Douglas Report DAC-59809, October 1967.
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SMultiple modes of operation were conducted during each blow.. Most
blows consisted of a pitch sweep at each of two or three roll angles
(0, 22.5, and 45.0 degrees). Other modes used were multiple Mach numbers
and roll angles, multiple total pressures!Reynolds Numbers, and roll
sweeps (0 to 90 degrees) at three pitch angles. For all the pitsh modes
of operation the pitch rate was about 4 deg/sec and for the roll sweep
mode the roll rate reached maximums of about 17 deg/sec.

The tum:el total pressure was varied for each Mach number to main-

tain the Reynolds number of approximately 7 X 106 per foot which is near
the minimum operating conditions for most Mach numbers. Reynolds
number was varied at Mach numbers of 1.6 and 2.5 for the following
configurations:

RN x 106 P (Psi)
Blow No. Configuration 1/ft t

33 B2Fl 1.6 12 40.08

7 22.125

45 B3F2 2.5 4 17.93

11 49.7

46 B2F1 2.5 4 17.9

7 31.8

11 49.66

47 BIP2 2.5 4 17.93

7 32.19

11 49.63

The uomInal tunnel conditions were:

Mach No. P (psia) T (*P) q(pai)
- -

0.5 32.35 61.3 4.51
0.8 23.94 60 6.935
0.95 22.3 65 7.8
1.0 22.0 65.12 8.03
1.1 21.35 65.35 8.31
1.2 21.94 44 9.16
1.3 24 50.2 10.25
1.6 22.7 67.75 9.41
2.0 26.135 69.3 9.235
2.5 32.35 61.9 8.375
3.0 41.5 57 7.15
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b. Instrumentation

Aerodynamic loads of the complete model were measured
by the McDonnell Douglas Aerophysics Laboratory No. 17 6-component
strain-gage balance. Aerodynamic loads for each of the four fins was
measured by a MICOM 3-component fin balance. The fin balances are
identified by MICOM drawing, RDK-12500 series.

The maximum rated capacities for the McDonnell Douglas Aerophysics
Laboratory No. 17 balance are:

Normal force 1000 lb
Side force 1000 lb
Pitching moment 3000 in.-lb
"Yawing moment 2500 in.-lb
Rolling moment 400 in.-lb
Axial force 150 lb

The maximum rated capacities for each of the fin balances are:

Normal force 60 lb
Hinge moment 100 in.-lb
Root-bending moment 100 in.-lb

Because of the 3-component limitation of the fin balances, the nor-
mal force and the hinge moment data are inadequate for the folding fin
configurations. This is discussed in detail in Section 3. Other tunnel
instrumentation consisted of tunnel pressure and temperature transducers,
two base pressure transducers, and a model grounding circuit Indicating
continuity between fins and body, and between body and sting.

C. Mode.l

The models consisted of a 2-caliber secant ogive nose
with an eight caliber cylindrical afterbody and six fin configurations.
The basic body configuration (BI) had a straight cylindrical afterbody,
4 inches in diameter. Alternate afterbody shapes (B2) and (03) stepped
down to a diameter of 3.6 inches over lengths of 7 and 4 inches from
the base respectively (Figure 1).

The six WAF configurations tested are shown in Table I and Figure 2.
The basic fin F1 was tested at six fold angles of -10, 0, 10, 22.5, 45,
and 112.5 degrees. The other fin variables were one additional chord
variation F2, two additional leading sweep angles F16 and F170 and
two additional exposed semi-spans F20 and F21. A gap of 0.020 inch
was maintained (Figure 2) between body and each fin root chord to
allow for fin balance deflections under load. Photographs of model
installed in the McDonnell 4-foot tunnel are sMiom in Figure 3.



The complete model, balance and sting, was rolled by the McDonnell
Douglas Aerophysics Laboratory remote roll mechanism when roll attitudes
other than zero were called for. Model changes consisted of exchange
of fins or fin uomponents. When fins of different root chord lengths
were exchanged, body spacers were also exchanged such that the fin trail-
ing edge was flush with the body base. Each fin attachment plate was
at 50 percent root chord.

3. Data Accuracy

The quoted precision of the McDonnell Douglas Aerophysics
Laboratory No. 17 strain gage balance is one-half of one percent of
the capacity of the balance or better.

The results of the fin balance calibrations performed by Arnold
Engineering Development Center were used while testing. During pre-
test procedures each fin was check loaded to 30 pounds in 10-pound
increments, at each of three locations on the calibration fin. The
check loads proved to be unsatisfactory, and McDonnell Douglas Aerophysics
Laboratory performed a post-test calibration. The results of this
calibration show the standard deviation for 15 loads of 30 pounds each
distributed over different locations of the four fins to be as follows:

Percent of applied load
Normal Force 0,68
Hinge Moment 0.72
Bending Moment 0.48

The proper hinge roments and normal forces are not adequately
defined for the fin opening angles other than the fully open case,
6 e 0 degree. The fin balance orientation with respect to the body
remained fixed for all fin opening angles, while the technique used to
vary opening angle was in the fin design concept. This technique would
require 5-component fin balanees with additional measurements of span
force or side force anti mi~tent. Flat fin normal force may be approxi-
mated for 0 w 2'10.0, 22.5, and 45 degrees by Fin normal force *. Balance
normal force/cosO. This type of approximation should not be used for
0 O 112.5 degree (fin nearly closed) because of fin forces induced by
the body fin flow field interaction. The accuracy of using tile compo-
nent method is made wore questionable because force loadings on the
WM' and flat fin are different.
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4. Reduction of Data

All main balance force coefficients are referenced to the
2cross sectional area of the body (12.566 in. ). The moments are all

about the nose apex (Figure 1), and are based on the body cross sec-
tional area times the body diameter (4 in.).

All fin force coefficients are referenced to their respective

fin panel geometry listed below.

Fin Reference Data

Fin b/2(in.) CR(in.) S (in.

Fl 2.64 7.0 18.48
F2 2.64 4.0 10.40
F16 2.70 4.0 9.45
F17 2.63 7.0 12.52
F20 2.14 7.0 14.98
F21 1.39 7.0 9.73

The fin hinge moment coefficients are about tile fin 50 percent root
chord line and thle root bending mnoment coefficients are about a line
parallel to the fin root chord on the body su-face.

Tile standard sign convention used for the main balance is a climbing
right turn.

The sign ceavention for the fin balances is shova in Figure 4.

6. The Data

The data are presented in four groups of plots showing thle
basic utiviu balance 6-comiponent data and all twelve components of thle
fin data; fin efiectivetness with various opening angles derived from
thle maiki balance; main balance sunniary data; and su~mmry data of fin
panel loads.

Thle basic w~in balance and fin balance data are presented in
Fgures 5 through 17. Each~ figure nutmber represents one complete set

of data taken frvom thle 6-componient mauin balance and from four-(thrce
coo.ponent) f in balances, which was obtained during one blow, usuially
consietirtg of 2 or 3 angle-of-attack sweeps. Figure 18 presents the
main balance data at Mach~ 1.0 and 2.0 for roll sweeps through 90
degrees at fixeod anglo-of-attacks. The run log and data summaary are
shown in Table 2.
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Figures 19 through 31 summarize the main balance data by presenting
the static stability derivatives, the zero angle-of-attack forebody
axial torce coefficients, and the self induced rolling moiunt of th
WAF at zero angle-of-attack. Figures 22, 23, 25, and 31 include data

from previous transonic test.4 ' 5

Fin effectiveness for the various opening angles was computed
from the main balance data by subtracting out the body alone component

6
obtained from the previous test. These data are presented in Figures
32 through 43 for zero roll attitude. Figure 44 shows the small effect
of roll at Pach 0.5. All data shown at e - 90 degrees and other copening

angles were included from previous tests.2

Figures 45 through 46 show the horizontal fin panel normal force
derivative and the spanwise and chordwise center of pressure for serveral
configurations.

.Dahlke and Craft. loc. cit..

"1ialsika and F~lowers, loc. cit.
6 Dahlke and Craft, loc. cit,

7 Dahlke and Flowers, loc. t.,
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TABLE 2. RUN LOG AND DATA SUMMARY

e Mach No. Configuration Run No. Figure No.

-10 C.5 BIFI 53 5a 0, 22.5, 45

-10 0.8 BIFI 57 b 0, 22.5, 45
-10 1.0 BIFI 59 c 0

-10 1.0 BIFI 61 d 0, 22.5
-10 1.1 BIFO 6? e 0, 22.5, -45
-10 1.2 BIFI 66 f 0, 22.5
-10 1.3 BIFI 67 g 0, 22.5, 45
-10 1.6 BIFI 35 h
-10 2.0 B1F1 22 i
-10 2.5 BIFI 7 j
-10 3.0 BLF1 14 k

0 0.8, 1.0 BIFI 80 6a 0, 22.5;0
0 1.2 BIFI 68 b 0, 22.5, 45

0 1.6 BIFI 36 c
0 2.5 BIFI 6 d
0 3.0 B1F1 15 e

1.0 0.5 BIFI 70 7a
10 0.8 BIFI 71 b
10 1.0 BIFI 72 c
10 1.1 F IF1 73 d
10 1,2 BIVI 74 e
10 1.3 B1 . 75 f
10 1.6 BIFI 31 g
10 2.0 BiFi 27 h
10 2.5 BiFI 8 i
10 3.0 BiFI 16 j

22.5 1.6 BIFI 40 8a
22.5 2.0 BIFi 25 b

22.5 2.5 BlFI 11 c
22.5 3.0 BiFi 19 d

45 1.6 BIFI 41 9a
45 2.0 BIFI 23 b
45 2.5 BiFI 12 c
45 3.0 BIFI 13 d

112.5 0.5 BIFI 83 l0a
112.5 0.8 BIFI 84 b
112.5 0.95, 1.0 BlFI 85 c 0, 22.5; 0

0 0.8 B1F2 92 Ila, 0, 22.5, 45
0 1.2 BIF2 88 b 0, 22.5, 45
0 2.5 BlF2 47 c 0

10



TABLE 2. (Concluded)

e Mach No. Configuration Run No. Figure No. I
0 0.5, 0.8 BIF17 86 12a 0, 22.5; 0

1.0 BIF17 91 b 0, 22.5, 45
1.2 BIF17 87 c
1.6 BIF17 42 d
3.0 BIFI7 20 e

0.5, 0.72 BIF20 78 13a 0, 22.5; 0
0.95, 1.0 BIF20 79 b
1.1, 1.3 BIF20 77 c +

1.2 B1F20 76 d 0, 22.5
1.6 BIF20 38 e 0, 22.5, 45
2.0 BIF20 26 f
2.5 BIF20 9 g
3.0 BIF20 17 h

0.5, 0.8 BIF21 81 14a 0, 22.5; 0
0.95, 1.0 BIF21 82 b
1.1, 1.3 BIF21 90 c

1.2 B1F21 89 d 0, 22.5, 45
1.6 BIF21 39 e
2.0 BIF2I 24 f
2.5 BIF21 10 g

,3.0 BIF2I 18 h
.4

0.8, 1.0 B2FI 93 15a 0, 22.5; 0

1.2 B2FI 97 b 0, 22.5, 4ý

1.6 B2FI 33 c 0
2.5 B2F1 46 d 0

0.8, 1.0 B3F2 94 16a 0, 22.5; 0
1.2, 1.3 B3F2 95 b 0, 22.5; 0

1.6 B3F2 43 c 0, 22.5, 45
2,0 B3F2 49 d 0, 22.5, 45
2.5 B3F2 45 e 0

1.2, 1.3 B3FI6 96 17a 0, 22.5; 0
1.6 3F16 44 b 0, 22.5, 45
2.0 B3FI6 48
3.0 3F16 50 d

1,0 BIFI 69 18a Varying
2.0 BI3F 28.29 b Varying

m _ :'. 1



REAR VIEW LOOKING UPSTREAM

ADAPTE
1.40 12.0 .5

MI
'MIMSLE LA36 WITH CAIV w 1.76

NNSSILE BMS WITH CHID * 1.0

*c MOMENFIGURATILOCONO

'Figure 1. Uternal body geomet3ry.
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MODEL INSTALLATION, SIR,. 0 0 deg

MODEL INSTALLATION, BIFI, 0 112.5 dog

MODEL INSTALLATION, OW 17, A 60 deg.O 0
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